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FLIGHY INVESTIGATIOW OF A STALZ--IqA.RNIBG IN3ICATOB 
FOB OPERAT IOH UXDER I C I N G  CONDITIONS 
3y Allln 2 .  J o n e s  nnd Zohn A .  Z a l o v e i k  
A p r e l i n i n a s y  i n v e s L i g a t L o n  w 2 s  nade t o  d e t e r m i n e  
whether  Eome c l i a r a c t s r i ~ t i c  of t h e  boxndery  l a y e r  c o u l d  5 e  
u s e d  t o  p r o v i d e  s a t i s f s c t o r y  warn rag  of t h e  i n c r a a s e  i n  
t h e  s t a x l i n g  speed  of rl. ?ring; c a u s e d  3y i c e  f g r m a t i o n s  on 
t h e  l e a d i n g  acige, Ths  t e s t s  v e r e  conduc ted  w i t h  a i leckheed 
128 lola-wing , t5r?n-engi l ie ,  2x1--a;@ t a 1  t r a n s p o r t  a i r p l a n e .  
Xooden s t r i p s  we:=e u s e l  t o  s imul r t te  t h e  i c e  f o r m a t i o n s  and 
t o t a l - p r s s s 2 r . e  s - s rveys  T-rere t a k e n  n e a r  t h e  t r ~ i l i n g  erlge 
b e h i n d  t h e  voode2 s t r i p s  a s  ::he a L r p l a n e  was s t a l l e d .  
Most of t h e  q t a l l s  were x s d e  9.n l e v e l  f l i g h b  i n  t h e  f o l l o w -  
i n g  c o n d i t i o n s :  ( 1 )  c - u i s i n g ,  8 0 - y e r c e n t  r a t e d -  p ~ w e r ;  
( 2 )  g l i d e ,  power o f f ,  f l a p s  r e t r z c t e d ,  i a n d i n g  g e a r  u p ;  
and (3) zpy'a>c"l, noTae- of:, f l a y 8  f u ' l l y  3 e l l e e t e 8 ,  l a n d -  
- - i n g  g e a r  dov%,  : i i o se  f l l g 3 L ~  w e r e  suppZeme~Ced by a few 
s t ? - l l s ,  i n  o n l y  t h e  c r n i s i n g  c o : r d i t f o n ,  i n  which t k e  a i r , -  
p l x n e  wns Sanked t o  p ro6uee  norms1 a c e e l e r s t  t o n s  r a n g i n g  
from l . ? g  t o  1 . 5 8 .  
The most proa1j.si?g c k a ~ ~ c t a r i s t i c  of t h e  f l o w  n e a r  
t h e  t r s . i l i n g  edge t h ~ t  n i g h t  be u s e d  8 s  a  w a r n i n g  of i r n -  
p o n d f n z  s t a l l  was  t h e  decxerzse i n  . t o t a l  p r e s s u r e  a t  a  
g i v e n  l e v e l  ~ ~ B o v c  t h e  w l c g  a u r f s c e  t o  s v a l u e  s l i g h t l y  
above f z e e - s t r c a n  s t s t i c  p r e s o u r a  a s  t h o  a i E p l a n e  speed  
w a s  r e d u c e d .  
The development  of strl.11--warnins i c d i c ~ t o r s  S a s  l o n g  
been  c o n s i d e r e d  d o s i r s b l e  b e c a u s e  of t k e  d a n g e r s  a s s o c i a t -  
ed  w i t h  t h o  ull .exFected s t a l l i n g  o: a n  a i r p l a n e  azd b e c a u s e  
i n h c r o n t  warn ings  ( s u c h  as  t ~ l l  b u f f e t i n g )  f r e q u e n t l y  are 
n o t  s l s i s f s c t  o r y ,  The r e q ~ l ~ e m e n t  a f o r  a n  e n t i r e l y  s a t  i s -  
f a c t o r y  s t a l l - ~ r : a r n i n g  i n d i c n t  or a r c  v a r y  s e v e r e .  Adequate  
and c o n s i s O e n t  wnvning s h o u l d  be p r o v i d e d - w i t h  t h e  a i r p l a n e  
i n  a n y  c o n d i t i o n  of power o r  f l a p  d e f l e c t i o n ,  w i t h  t h e  wing  
l o a d i n g  changed b e c a u s e  of v a r i a t i o n s  i n  g r o s s  weight  o r  
b e c a u s e  of maneuvers ,  and  w i t h  t h e  l o c a l  s t a l l i n g  speed  of 
aa;r p o r t i o n  of t h e  wing i n c r e a s e d  b y  i c e  f o r m a t i o n s  on t h e  
l e a d i n g  edge .  P r e v i o u s  i n v e s t i g a t i o n s  by t h e  NACA ( r e f e r e n c e  
1) hava produced  a s t a l l - w a r n i n g  d e v i c e  m e e t i n g  a l l  of t h e  
l i s t e d  r e q u i r e m e n t s  w i t h  t h e  e x c a p t i o n  of p r o v i d i n g  w a r n i n g  
of i n c r e a s e d  1,ocal  s t a l l i n g  s p e e d s  c a u s e d  by i c e  f o r m a t i o n s .  
The p r o v i s i o n  of w a r n i n g  f o r  a  wing on wkich i c e  h a s  formed 
p r e s e n t s  a  doub le  problem b e c a u s e  t h e  s t a l l i n g  speed  of t h e  
wing a s  a u n i t  i s  i n c r e a s e d  a n  unknown amount and a l s o  be-  
c a u s e  t h e  sequence  of s t a l l i n g  of a d j a c e n t  s e c t i o n s  may be 
a l t e r e d .  
The p r e s e n t  t e s t  program f o r  d e v e l o p i n g  a n  i n d i c a t  o r  
t o  s a t i s f y  t h b  f o r e g o i n g  r e T u i r e m e n t e  c o n s i s t s  of two 
p a r t s .  The f i r s t  p a r t  i s  t h a  d e t e r m i n a t i o n  of a b a s i s  
f o r  s t a l l  warn ing  a t  one s e c c i o n  of t h e  wing when t h a t  
s e c t i o n  i s  made t o  s t a l l  p r e m a t u r e l y  by p l a c i n g  s i m u l a t e d  
i c e  f o r m i t i o n s  on t h e  l o a d i n g  c d g e ,  S ~ ~ r v c y - s  were made on 
t h e  u p p e r  s u r f a c e  n e a r  t h e  t r a i l i n g  edge t o  d e t e r m i n e  t h e  
e f f c c t  02  t h o  f o r m a t i o n s  o n  t h e  s i r  f l o w  ovdr  t h e  wing 
s e c t i o n  a s  t h e  a i r o l a n e  was s t a I l e d .  The second p a r t  of 
t h e  t e s t  program c o n s i s t s  o f  t h o  c x t e n s i o n  of t h e  s u r v e y s  
t o  t h e  r e s t  of t 5 e  wing i n  o r d e r  t h a t  a s e r i ~ s  of i n d i -  
c a t o r s  loca.tc$- s3anwise  cnn b e  u s e d  t o  show t h e  sequence  
of s e c t  i o n  s t a l l i n g .  Preliminary t e s t s  c o v e r i n g  t h e  f i r s t  
p a r t  of t h i s  progr3m have becn  conduc ted  by t h e  NAGA a t  
t h o  Lai igley M ~ m o r i a l  A c r o n a u t i c a l  L a b o r a t o r y  and  t h e  r o -  
s u l t s  a r c  re;3orted h e r z i n .  
T:lo a i r p l a n e  u s e d  f o r  t h e  i n v o s t i g a 2 ; i o ~  i s  a Lockheed 
12A, t w i n - e n g i n e ,  low-wing monoplane shown i n  f i g u r e  1. 
Tho wing d o t a i l s  a r a  shown i n  f i g u r e  2 .  Thz wing h a s  a 
span  of 4 9 . 5  f e e t  s p l i t  f l e p s  l o v c r i n g  t o  a  f u b l y  d e f l e c t -  b 
ed p o s i t i o n  of 45  , a n d  a i l e r o n s  t h a t  d roop  9 . 5  when t h e  
f l a p s  a r e  f u l l y  e x t e n d e d ,  
I c o  a c c r e t i o n  on t h e  wing was si,mula.ted by f a s t e n i n g  
wooden s t r i p s  w i t h  masking t z p e  t o  t h e  d e - i c e r  a t t a c h m e n t  
s t r i p  on t h e  uppe r  s u r f a c o  a t  a b o u t  50 p e r c o n t  semispan  
from t h e  p l a n o  of sgmmotry, ( S e e  f i g .  2 , )  Two s t r i p s  
were u s e d  - one of which was s e m i c % r c u l a r  i n  c r o s s  s e c t i o n ,  
3 f e e t  l o n g ,  aad 1 / 4  i n c h  high and t h e  o t h e r  was t r i a q g u l a r  
i n  c r o s s  s e c t i o n ,  2 f e e t  l o n g ,  a n d  1/2 i n c h  h i g h .  
The r a k e  u s e d  i n  makiug t h e  p r e s s u r e  s u r v e y s  a t  t h e  
t r a i l i n g  edge ( s e e  f i g .  2 )  c o n s i s t e d  of s i x  t u b e s :  one 
s t a t i c - ~ r e s s ~ l r e  t u 5 e  and  f i v e  t o t a l - p r e s s u - r e  t u b e s .  The 
t o t a l - p r e s s u r e  t u b e s  were s p a c e d  1 / 2  i n c h ,  and  t h e  l o w e s t  
t u b e  w a s  1 / 2  f n c h  above  t h e  w i ~ ~ g  s i l r f a c e ,  The r a k e  was 
l e c a t s a  1 2  i n c h e s  f o r w ~ r d  of t h e  t r a i l i n g  edge and b e h i n d  
t h e  c e n t e r  of t h e  woodon s t r i p  on  t h e  1ead . ing  edge .  
The s t a t i c  a n d  t o t a l  p r e s s u r e s  rceasured w i t h  t h e  rake 
were r e f e r r e d ,  respectively, t o  t h c  f r e e - s t r e a m  s t ~ t i c  and  
t o t a l  p y e s s u r e  a e a s u r e d  w i t h  a n  a i r s p e s d  h e a d  mounted a b o u t  
one c h o r d  l e n g t h  a k e a d  of t h o  win;; t i p .  ( S s e  f i g .  1 . )  A 
s ~ v i v e l i n g  t y p e  of a i r s g c o d  head  t h a t  a l i n e s  i t  s e l f  w i t h  
t h e  l o c a l  f l o w  was u s 3 d  t o  keep  t o  a m:ninum t h e  v a r i a t i o n  
w i t h  s p e e d  of t h e  s t a t i c  Tressure s e a s u r e d  b p  t h e  a i r s g e e d  
h e a d .  The s t a t $  c - p r e s s ~ z r ~  g r i f i c e s  of t h e  swZvel ing  head  
were c a l i b r a t e d  by a e a n e  o f  n s u s u e ~ d e d  t r a i l i n g  a i r s p e e d  
head .  ( S e e  f i g .  3.) 
S e v e r a l  t n f t s  were d i s t r i b u t e d  o v e r  t h e  wing t o  a l l o w  
t h e  o b s e r v e r  t o  c o r r e l a t e  t h e  p r o g r e s s  a f  s t a l l  w i t h  t h e  
measu renen t  ~f p r e s s u r a ~  a t  t h e  r a k e ,  
All p r e s F u r a s  were r e c o r d a d  by x n  KACA r e c o r d i n g  manorn- 
' e t e r  and c o r r e l a t e d  % y  means of a n  BAC.A t i n e s .  For a few 
of t h e  t e s t s ,  t h e  normal  a c c e l e r a t i o n  a t  t h e  c e n t e r  of  g rav-  
i t y  qf t h e  a i r p l a n e  was r e c o r d e d  by a n  MACA r e c o r d i n g  a c -  
e e l e r o m e t  e r ,  
P r e s s n r e  r o ~ o r d s  were t a k e n  a s  t h e  a i r p l a n e  was g rad -  
u a l l y  s t a l l e d  i n  t h e  f ol low5ng c o n d i t i o n s :  , (1 )  c r u i s i n g ,  
8 0 - p e r c e n t  r a t e d  power ;  ( 2 )  g l i d e ,  power o f f ,  f l a p s  r @ -  
t r a c t e d ,  l a n d i n g  g e a r  up;  and  ( 3 )  a p p r o a c h ,  power s f f ,  
f l a p s  f u l l y  a e f l e c t e d ,  l a n d i n g  geF.r down, The ~ i c t i o n  o f  
t h e  t u f t s  was c o n t i n u o u s l y  o b s e r v e d ,  and  t h e  a$>rox ima te  
t i n e  a t  which more t h a n  o n e - h a l f  t h e  t u f t s  b e h i n d  t h e  
woadea s t r i p  r e v e r s e d  t h e i r  normal  d i r e c t i o n  and  t h e n  f l u c -  
t u a t e d  f o r w a r d  and  r e a r w a r d  was t a k e n  a s  t h e  s e c t i n n  s t a l l .  
A t  t h a t  t i n e ,  t h e  s tv i t ch  c o n t r o l l i n g  t h e  manometer and  
t i m e r  was n a m e n t a r i l y  opened t o  i d e n t i f y  t h e  s a c t i a n  s t a l l  
c q n d i t i o n  on t h e  p r o s s u ? o  r e c o r d s ,  
I n f o r m a t i o n  concornkng t h e  e f f e c t  o f  wing l o a d i n g  on 
t h e  p r e s s u r e s  r e c o r d e d  a t  t h e  r a k e  r a s  o b t a i n s d  d u r i n g  sev -  
e r a l  s t a l l s  made i n  a c r u i s i n g  c o n d i t i o n  a s  t h e  a i r p l a n s  
was banked  t o  i n c r a a s e  t h e  n o r i . ~ a l  a c c e J e r a t i o n .  
RESULT'S AND DISCUSSION 
The d a t a  o b t a i n e d  i n  t h e s e  p r e l i ~ i n a r y  s t a l l  t e s t s  
have b e e n  a n a l y z e d  by r s f e r r i n g  t o t a l  p r e s s u r e s  a t  t h e  
r a k e  t o  ( 1 )  f r e e - s t r e a m  t o t a l  p r e s s u r e ,  ( 2 )  s t a t i c  
p r e s s u r e  a t  r a k e ,  ( 5 )  f r e e - s t r e a n  s t a t i c  p r e s s u r e ,  and  
( 4 )  s t a t i c  p r e s s u r e  f r o 3  w i n g - t i p  s v i v e l i n g  h e a d ,  
T o t a l  *wres su re s  a t  r a k e  r e f e r r e d .  t o  f r e e s t r e a m  t o t a l  
-- 
p r e s s u r e  .- With no s i L u l n t e d  i c e  on t h e  l e a d i n g  e d g e ,  t h e  
differences between  t h e  t o t a l  p r e s s u r e s  g i v e n  by t h e  t h r e e  
l o w e s t  r a k e  t u b e s  qn& t h e  f r e e - s t r e a m  t o t a l  p r e s s u r e  d i d  
n o t  change s u f f i c i e n t l y ,  a s  th r :  a i r p l a n e  was s t s l l e d  t o  
s e r v e  a s  a wnrn ing .  The r e s t  of t h e  r a k e  t c t a l - p r e s s u r e  
t u b e s ,  however , i n d i c ~ t e d  an  , -vpprec inble  l o s s  i n  t o t a l  
p r e s s u r e  r s  t h e  s e c t i o n  s t a l l i n g  speed  was a p p r o a c h e d .  
With t h e  t r i ~ x g u l a r  s t r i p  mounted on t h e  l e a d i n g  
edge t o  s i rdu l2 te  i c e ,  however ,  t h e  d i s t u r b a n c e  was so  g r e a t  
t h x t  a  l o s s  i n  t o t a l  p r e s s u r e  e q u i v a l e n t  t o  f r e e - s t r e a m  dy- 
n a ~ i c  g r e s s u z e  q x t  a n  a i r p l a n e  speed of 9 0  n i l e s  p e r  
h o a r ,  and  e q u i v a l e n t  t o  o n e - t h i r d  f r e e - s t r e a m  dynamic p r o s -  
s u r e  a t  a n  a i r 2 l a n e  spezti  of 1 6 0  z i l e s  p e r  h o u r ,  wss r e g -  
i s t e r e d  by a  r a k e  t o t a l - p r e s s u r e  t u b e  2.5 i n c h e s  above t h e  
wing s u r f a c e .  E e c a u s e  of t h i s  l a r g e  l o s s  i n  t o t a l  p r e s -  
s u r e ,  t h e  u s e  of t h e  d i l f e r e n c c  between r a k e  t o t a l  p r e s -  
s u r e  and  f r e e - s t r e a m  t o t a l  p r e s s u r e  a s  R b a s i s  f o r  s t a l l  
w a r n i n g  was n o t  c o n s i d e r e d  f e a s i b l e .  
T o t a l  p s e s s u r o s  a t  rr?.ke r e f e r r e d  t o  stXt5.c Q r e S s W 3  
-- 
a t  r a k e . ?  The local i n d i c a t e d  v e l o c i t i e s  ~ s  d e t e r m i n e d  
-- 
f r o ~  t h c  d i f f e r e n c e  between t h e  r 8 k e  t o t a l  p r e s s u r e s  and  
t h e  r a k e  s t a t i c  p r e s s u r e  were p i o t t e d  a g a i n s t  t h e  d i f f e r -  
e n s e  be tween  t h e  i n d i c a t e d  a i r p l a n e  speed  a n d  t h e  spced  
c o r r e s p o n d i n g  t o  t e s t - s e c t i o n  s t a l l .  F i g u r e  4 i s  r e p r e -  
s e n t a t i ' v e  of t h e s e  p l o t s  a n d  shows t h e  i n d i c a t e d  v e l o c i t y  
a t  t h e  r a k e  t o t a l  t u b e  1 i n c h  above  t h e  wing s u r f a c e  f o r  
t h e  c o n d i t i o n  w i t h  t h e  h a l f - r o u n d  s t r i p  on t h e  l e a d i n g  
edge .  The c u r v e s  of t h i s  f i g u r e  i n d i c a t e  a d e c r e a s e  i n  
t h e  l o c a l  v e l o c i t y  a t  a  r a t e  t h a t  would ?rovj.de a  good ba- 
s i s  f o r  2 s t a21 -warn ing  i n d i c a t o r  bu t  p o s s e s s  a n  u n d e s i r -  
a b l e  f e a t u r e  i n  t h e  h i g h  v e l o c i t i e s  a t t a i n e d  i n  t h e  ap- 
p r o a c h  c o n d i t i o n .  These  h f g h  v e l o c i t i e s  vrere g roduced  by 
l o w e r i n g  t h e  f l a p s ,  and  t h e i r  p r e c a n c e  would r e q u i r e  t h e  
i n d i c a t o r  s e t t i n g  t o  be a l u n c t i c n  o? f l a p  p o s i t i o n .  y o r  
exampXe, i f  t h e  s t a l l - w a r n i r k  d e v i c e  ware s o t  t o  o p e r a t o  
k? 
0 a t  a p r e s s u r e  c o r r e s p o n d i n g  t o  a l o c a l  v e l o c i t y  of 4 5  
in m i l e s  p e r  h o u r ,  r c a s o 9 a b l e  w a r u i n g ~  of 9,5 and  1 4  m i l e s  
2, p e r  h o u r  would be  o b t a i n e d  f o r  t h e  g l l d e  and c r u l s i n g  con- 
d i t i o n s ,  r a s p e c t i v o l g ,  b u t  p r a c t i c a l l y  no warn ing  would 
bo p r o v i d e d  f o r  She app roxcb  c n n Z f t i o n .  The i n d i c a t o r  
would have t o  o p e r a t e  ~t a  l o c a l  v e l o c i t y  o f  abou t  67 m i l o s  
p e r  h o u r  t o  p r o v i d e  a  s a t i s f a c t o r y  v a r n i n g  f o r  t h e  f l a p -  
d . e f l o c t e d  c o n d i t i o n ,  T k i s  u n f i c s i r a b l c  f e a t u r e  of clzanges 
i n  t h e  i n d i c a t o r  s e t t i a g  sho~1.d  bc avoided , .  i f  p o s s i b l e ,  
a l t h o u g h  a m e c h a n i c a l  connact ioix  b ~ t w e c n  f h c  f l a p  a n d  t h e  
w a r n i n g  d e v i c e  t o  cnnnga t h e  p r a s s u r e  a t  which t h e  w a r n i n g  
Cev ice  would o p e r a t e  i s  c ~ n c e f v a b l e .  
T i c t a x  p r e s s u r e s  .?t ra.tce r e f e r r r e d  t o  f r e e - s t r e a m  s t a t i c  
pressxxre .- The 7 0 s s i b : , l , i t ~ ?  of i n c l u d i n g  t h e  f l a p - d e f l e c t e d  
-- 
c o n d i t i a n  i n  3 s i n g l e  i n d t c a t o r  s e t t i n g  was p r e s e n t e d  when 
t h e  r a k e  t o t a l  p r e s s n : o s  were r e f e r r e ?  t o  f r e e - s t r e a m  
s t a t i c  p r e s s u r e  and  were ? l o t t e d  a g a i n s t  t h e  d i f f e r e n c e  be- 
tween  t h e  a l r p l a n e  speed  anL t h e  spaeG f o r  t e s t - s e c t i o n  
s t a l l .  F i g u r e  5 shows t h i s  p l o t  f o r  t h e  r a k e  t o t a l - p r e s s u r e  
t u b e  L i n c h  above t h e  wing s u r f ~ c c  f o r  t h s  two t y p e s  of 
s t r i p  u s e d  t o  s iz iu- la te  i c e .  T h i s  f i g u r e  shows t h a t ,  by  
s e t t i n g  a n  i n J i c a t o r  t o  o p e r a t e  when t h o  d i f f e r e n c e  be tween  
t h e  t o k a l  -p re s su re  1 i : ~ c h  above t h e  wing s!xrfaco slnd t h e  
f r e e - s t r e a m  s t a t i c  p r e s s u r o  d r o y s  t o  a  v a l u e  of  0.3 i n c h  
of w a t e r ,  wa rn ing  ( r a n g i n g  from 7 t o  14,5 zph)  would be 
p r o v i d e d  f o r  a l l  che  t e s t  c o n d i t i o n s .  The i n d i c a t e d  a i r -  
n l a n e  s p e s d s  f o r  s e c t i o n  s t a l l  i n  t h e  c r u i s i n g ,  g l i d e ,  a n d  
a p p r o a c h  e 3 n d i t i o n s  were 8 6 . 5 ,  9 1 . 5 ,  and '73.5 m i l e s  p o r  
h o u r ,  r e s p ~ c % i v e l $ ,  w i t h  t h o  h a l f - r o u n d  s i m u l a t e d  i c a  
s t r i p  and  9 3 . 5 ,  107, a u d  79 m i l e s  p e r  h o u r ,  r e s p e c t i v a l y ,  
w i t h  t h e  t r i a n g u l a r  s t r i : : .  
The two c u r v e s  f o r  e a c h  airpi2no c o n d i t i o n  i n  f i g u r e  
5 ( b )  a r e  t h o  r e s u l t  of f l u c t u a t i o n s  i: t h e  t o t a l  p r e s s u r e  
a t .  t h o  r a ,ke ,  These  f l u c t u a t i o n s  c c u l d  p r o b a b l y  bc g r e s t l y  
recluce3. by i n t r o 3 - u c i n g  dar.l?ine; i n  t h e  t u b e s  c o c n s c t i n g  
t h o  r a k e  t o t a l - p r e s s u r e  t u b e s  t o  t h e  manometer; t k e  w a r n i n g  
p o i n t s  i n  f i g n r c  5 ( b )  have  beon s c l e c t e a ,  t h e r e f o r e ,  a s  
midway be tween  t h e  two c u r v e s  f o r  e a c h  ~ i r - o l n n e  c o n d i t i o n .  
Iro c u r v e s  a r c  p r o s o n t e d  l o r  the c o n d i t i o n  o f  no i c e  
on t h e  wtng becanse  t h z  p o r t t o n  of  t h e  wing s u r f a c e  shown 
a s  t h e  shaded  a r e a  B i n  fi:u-e 2 a lways  s t a l l e d  f i r s t  
w i t h  power o f f  and  sometimes s t a l l e d  f i r s t  w i t h  power on.  
S u r v e y s  have not  y e t  been  mafie i n  a r e a  B, b n t  t h e  i n d i -  
c a t o r  l oce t e i j .  i n  t h a t  r e g i o n  would p r o b a b l y  'be t h e  f i r s t  
t o  p r o v i d e  warn ing  when no i c e  was p r e s e n t  on t h e  w ings .  
F i g u r 2  5 i n d i c a t e s  t h a t  t h e  l o s s  i n  t o t a l  p r e s s u r e  a t  
t h e  t r a i l i n g  edge of a n  a i r f o i l  r e f e r r e d  t o  f r e e - s t r e a m  
s t a t i c  p r e s s u r e  may s e r r e  a s  a  b a s i s  f o r  w a r n i n g  of ap- 
p r o a c h i n g  s t a l l .  II any  p r a c t i c a l  a p p l i c a t i o n ,  however ,  
t h e  t o t a l  p r e s s u r e  canno t  be r e f e r r e d  t o  f r e e - s t r e a m  s t a t i c  
p r e s s u r e .  F u r t h e r n o r e ,  t h e  magni tude  of t h e  o r d i n a t e s  i n  
f i g u r e  5 r e v e a l s  t h a t  v a r i a t i o n s  i n  t h e  p r e s s u r e  u s e d  a s  
t h e  r e f e r e n c e  s o u r c e  w i l l  h ave  c o n s i d e r a b l e  o f f e c t  upon 
t h e  d e g r e e  of warn ing  provi,'locJ,. For  e x a n p l e ,  i f  a  warn ing  
i n d i c a t o r  wore ~ 3 t ,  a s  shown i n  f i g u r e  5 ( a ) ,  t o  p r o v f d e  a 
10-mi le -ger -hour  warnSn<; i n  t h e  cru- i  s i n g  c o n n i t  i o n ,  a 
change i n  t h e  r e f e r e n c e  s t a t i c  s o u r c c  aq-ual t o  5 p e r c e n t  
of t h e  f r e e - s t r e a l  d y n s n i c  p r c s s u r o  a t  c r u i s i n g  s t a l l  v o u l d  
change t h e  amount of w3rn ing  p s o v  i ded  bg 2 m i l e s  p e r  h o u r .  
T o t a l  p r e s s u ~ c s  a t  rnke  r e f e r r e d  t o  s t a t i c  p r e s s u r e  
--
f r o ~  w i n g - t i p  swivel in^ heatc .- The e f f e c t  of  I - e f e r r i n g  t h c  
..- 
v a r i a t i o n  o f  t o t a l  p r c s s u r o  a t  t h e  rake t o  t h o  s t a t i c  p r e s -  
s u r e  f rbm t h ~  wing-kip s w i v e l i n g  he,!?+-, which i s  a  s o u r c e  
s i n i l a r  t o  t h a t  u s u a l l y  a v a i l a b l e  i n  f l i g h t  o p e r a t i o n s ,  i s  
shown i n  f i s u r e  6 .  The v a r i s . t i o n s  i n  t h e  s t a t i c  p r e s s u r e  
f rom t h e  s w i v e l i n g  h e a ?  a r e  shown i n  f i g u r e  3. The e f f e c t  
of t h e s e  v a r i a t i o n s  o a  t h e  d e g r e e  of warn ing  p r o v i d e d  can  
be d e t e r m i n o d  by a d i r e c t  c o n ~ a r i s o n  o f  f i g o r o s  5 and  6 ,  
i n n s ~ u c h  a s  t h o  i n d i c a t o r  s s t t i n g  h a s  been  t a k e n  t o  be  t h e  
s ane  f o r  a 1 1  f o ~ r  f i g u r e s .  
S f f e c t  of tvipa l o a 3 i s g . -  The e f f e c t  of wing l o a d i n g  
on t h e  s t a l l  w a r n i n g  p r a v i d e d  f o r  t h e  c r u i s i n g  c o n d i t i o n ,  
w i t h  t h 3  h a l f - r o u n d  vrooden s t r i p  on t h e  l e a d i n g  e d g e ,  i s  
shown i r  f i z u r o  7 .  Ths normal  a c c e l e r a t i o n  v a r i e d  by 
fO. lg  f o r  a n y  one s t a l l  because  of t h e  d i f f i c u l t i e s  expe- 
r i e n c e d  i n  m a i n t a i n i n g  a b s o l u t e  c o n t r o l  of a l l  f l i g h t  f a c -  
t o r s .  The lower  c u r v e  i n d i c a t e s  t h c  s i r p l a n e  s p e e d s  a t  
which s t a l l  wa rn ing  would be g i v e n  w i t h  i n c r e a s i n g  normal  
a c c e l e r x t i o n  p r o v f d e d  t h a t  t h e  warn ing  i n d i c a t o r  were s e t  
t o  o p e r a t e  vhen t h e  d i f f e r e n o e  be tween  t h e  t o t a l  p r e s s u r e  
1 i n c h  above  t h e  wing s u r f a c e  and  f r e e - s t r e a m  s t a t i c  p r e s -  
s u r e  d ropped  t o  0 .3  i n c h  of w a t e r .  The u p p e r  c u r v e  shows 
t h e  a i r g l ~ n e  s p e e d s  a t  w h i c h  t e s t - s e c t i o n  s t a l l  was ob.= 
s e r v e d  f o r  v a r i o u s  v a l u e s  of n o r n a l  a c c e l e r a t i o n ,  The de-  
g r e e  of warn lng  c a n  be s e e n  t o  v s r y   fro:^ 1 0  m i l e s  per  h o u r  
w i t h  n o r n a l  wing l o a d i n g  t o  1 5  m i l e s  p e r  hour  w i t h  t h e  wing 
l o a d i n g  c o r r e s p o n d i n g  t o  a n o r n a l  a c c e l e r a t i o n  of 1.5g. 
A d d i t i o n a l  s u r v e y s  ,- F u r t h e r  i n v e s t i g a t i o n s  w i t h  t h e  
----- 
i n d i c a t o r  l o c a t e d  f a r t h s r  o u t b o a r d  t h a n  i r ~  t h e  p r e v i o u s  
s u r v e y  have  confirrie?.  t h e  c o n c l u s i o n  t h a t ,  a t  p o i n t s  where 
flo-tr c o n d i t i o n s  a r e  e s s e n t i a l l y  t h e  s axe  a s  t h o s e  a t  t h e  
t e s t  s e c t i o n  p r e v i o u s l y  ? . i s c u s s e d ,  t h e  l o s s  i n  t o t a l  p r e s -  
s u r e  may s e r v e  a s  a b a s i s  f o r  s t a l l  wa rn ing .  Su rveys  a t  
t h e  t r a i l i n g  edge i u  t h e  s l i - g s t r e a a ,  however ,  i n d i c a t e  t h a t  
t h e  t o t a l  p r e s s u ~ e  i n  t h e  bo~zn$.prT l a y e r  i s  a f f e c t e d  by 
power t o  such  a n  e x t e n t  t h a t  t h e  v a r i a t i o n  of l o s s  i n  t o -  
t a l  p r e s s u r c  cannot  be u s e d  a s  a  b a s i s  f o r  s t a l l  wa rn ing  
i n  t h a t  r e g i o n .  
L i n i t a . t i o n a  of t o t a l - p r e s s u r e - l o s s  t y p e  of i n d i c a t o r . -  
Sone u n c e r t a i n t y  any e x f s t  i n  2 p z n c t i c a l  a p ~ l i c a t i o n  u s -  
i n g  t h e  Q R r i a t i O n  in t o t n l  p r e s s u r e  a t  t h e  t r a i l i n g  edge  
of t h e  wing r e f e r r e &  t o  son@ s o u r c e  of c o n s t a n t  p r e s s u r e  
as a c r i t e r i o n  f o r  s t a l l  wazning ,  Snasnuch  a s  t h e  n a g n i -  
t u d e  of t h i s  p r e s s u z e  v s r i n t j - o n  rnT7 be so  s l i g h t  a s  t o  be 
i n f l u e n c e 4  by a n u z b e r  ~f f a c t o r s  a f f e c t i n g  t h e  n e a s u r e n e n t  
of t h e  r e f e r e n c e  p r e s s u r e .  One such  f a c t o r  i s  t h e  l o c a -  
t i o n  of t h e  s o u r c a  of t h e  r e f e r e n c e  p r e s s u r e  a n d  a n o t h e r  
i s  t h e  change i n  t h e  p h y s i c s 1  c h a r ~ c t e r i s t i c s  of t h e  i n s t r u -  
nen t  n e n s u r i n g  t h e  r e f a r e n c e  p r e s s u r e .  An e x t r e m e l y  d e s i r -  
a b l e  f e a t u r e  of t h c ~  s t a l l - w a r u i n g  i n d i c a t o r  of r e f e r e n c e  1 
i s  f t s  a b i l i t y  t o  Troduce  a y;*essurc  v a r i a t i o n  of l a r g e  
n a g n i t u d e  and, i f  t h i s  c h ~ . r a c t s r i s t i , c  c o u l d ,  5y  f u r t h e r  de-  
v e l o p n e n t ,  be i n c o r p o r s t c d  i n  t h e  t o t ~ l - p r e s s u r e - l o s s  t y p e  
of i n d i c a t o r ,  tile. d e v i c e  would be n o r e  p r a c t i c a b l e  t o  u s e  
t h a n  i t  i a  a t  t h e  p r e s e n t  t i m e .  
CONCLUSIONS 
A p r e l i n i n a r $  f l i g h t  i n v e s t i g a t i o n  of t h e  f l o w  c h a r a c -  
t e r i s t i c s  n e a r  t h e  t r a i l i n g  edge  of a  w ing ,  a s  t h s  a i r p l a n e  
was s t a l l e d  w i t h  s i ~ u l a t e d  i c e  on t h e  l e a d i n g  e d g e ,  i n d i -  
c a t e d  t h e  f o l l o v i n g  c o n c l u s i o n s :  
1, The l o s s  i n  t r t a l  p r s s e u r e  a t  t h e  t r a i l i n g - e d g e  
r a k e ,  when r e f e r r e d  t o  f r e e - s t r e a m  t o t a l  p r e s s u r e ,  was t o o  
g r a a t l y  i n f l u e n c e d  by t h e  i c e  f o r m a t i o n s  t o  s e r v e  a s  a ba- 
s i s  f o r  a warn ing  of  t h 3  a p p r o a c h  of t h e  s t a l l .  
2.  The change i n  l o c a l  v e l o c i t y  a t  t h e  t r a i l i n g  
edge was s u f f i c i e n t  and  c o n s i s t e n t  enough t o  s e r v e  as  
s t a l l  w a r n i n g ,  bu t  t h e  e f f e c t  of t 3 e  d e f l e c t e d  f l a p s  on 
t h e  l o c a l  v e l o c i t y  would r e q u i r e  t h e  i n d i c a t o r  s e t t i n g  t o  
be a f u n c t i o n  of f l a p  p o s i t i o n ,  
3. The d i f f e r e n c e  be twean  t h e  t o t a l  p r e s s u r e  a t  t h e  
t r a i l i n g  edge and e i t h e r  t h e  f r e e - s t r e a a  s t a t i a  p r e s s u r e  
o r  t h e  s t a t i c  R r e s s u r e  of t h a  s w i v e l i n g  a i r s p e e d  h e a d  
ch rnged  s u f f i c i e n t l y  t o  s e r v e  a s  a  b a s i s  f o r  s t a l l  w a r n i n g  
i n  a l l  t h e  c o n d i t i o n s  t e s t e d .  The v a r i a t i o n  of t o t a l -  
p r e s s u r e  l o s s ,  however ,  was t o o  s m a l l  t o  j u s t i f y  t h e  p r a c -  
t i c a l  a p p l i c a t i o n  of t h i s  l o s s  a s  a  b a s i s  f o r  s t a l l -  
w a r n i n g  i n d i c a t i o n ;  f u ~ t h e s  deve lopment  would be d e s i r a b l e  
t o  p r o d u c e  a  l a r g e  p r e s s u r e  changa  a t  t h e  w a r n i n g  d e v i c e  
when t h e  t o t a l  p r e s s u r e  i n  t h e  boundary  Layer  r e a c h e d  t h e  
c r i t i c a l  v a l u e .  
4 .  F o r  t h e  c r u i s i n g  c o n d i t i o n ,  t h e  d e g r e e  of s e c t i o n  
s t a l l  w a r n i n g  v a r i e d  w i t h  i n c r e a s i n c  wing l o a d i n g  from 1 0  
m i l e s  p e r  hour  wi4;h ncjrzllal wing  l o a d i n g  So 1 6  m i l e s  p e r  
hour  w l t h  t h e  wing l o a d i n g  corresponding t o  a normal  ace-e l -  
e r a t i o n  of 1 , 5 g  p r o d u c e d  by "oankinq t h e  a i r p l a n e .  
L s n g l e y  Memerial  A e r o n a u t i c a l  L a b o r h t o r y ,  
N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n ~ ~ u t i c s ,  
Langloy  F i e l d ,  Va. 
1. Thompson, F .  L . :  N . A . C . A .  S t a l l - W a r n i n g  I n d i c a t o r . -  
T .  N .  No. 6 7 0 ,  NACA, 1938 .  
Figure 1,- Lockheed 12A airplane used for stall-warning investigation. Swiveling air- 
speed head installed one chord length ahead of leading edge at right wing 
tip. 
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Indicated airplane speed above section 8 t a l l ,  mph 
(a)  Half-round wooden sts ip,  (b)  Triangular wooden strip,  
Figure 6.- Va~iation i n  total pressure 1 inch above wing surface, and 12 inches 
from tra%ling edge, 
